Background
==========

Prostate cancer is the second, considering frequency, malignant cancer both in Poland and in the USA. Specific difficulties associated with detecting this type of cancer are encountered due to its growth pattern, different from other cancers.

The Gleason score (GS), which represents the sum of dominant and subdominant histological patterns is used to grade pathological appearance of prostate tumors. Aggressiveness and high potential of spreading (local and distant) of the tumor are reflected by high Gleason score. What is more, high GS is also associated with increased risk for the patients \[[@b1-poljradiol-79-450]\]).

Except highly aggressive tumors with high GS (\>7, high grade), there are also low-grade tumors (GS ≤6), and intermediate-grade tumors (GS=7). The likelihood of prostate cancer recurrence after primary treatment increases with tumor aggressiveness \[[@b2-poljradiol-79-450]\].

Prostate cancer is most frequently located in the peripheral zone and has a tendency to grow along the anatomical capsule and to have a rectangular shape. About 85% of tumors are multifocal \[[@b3-poljradiol-79-450],[@b4-poljradiol-79-450]\].

Surprisingly, prostate cancer can have different growth patterns: nodular -- well seen in TransRectal UltraSound (TRUS) examination, infiltrating nodular -- in that case only the nodule without infiltration is visible in TRUS; and infiltrating tumor, which remains very difficult to detect.

It is worth to remember that prostate cancer can develop also in the transitional or central zone, as well as in the anterior septum and in such cases the tumor is very difficult to detect in TRUS. That is the reason why new methods for prostate cancer detection are still being searched for.

Up to now, the best method used for prostate gland evaluation and diagnostics has been magnetic resonance imaging (MRI), since it allows to differentiate soft tissues with high contrast, examine them in multiplanar views and provide biological information, which makes this method superior to other methods \[[@b5-poljradiol-79-450]\].

Diagnostic accuracy, sensitivity (76%) and specificity (82%) in the detection of prostate cancer have been improved and this method combines data from T2-weighted imaging and diffusion weighted imaging (DWI) \[[@b6-poljradiol-79-450],[@b7-poljradiol-79-450]\].

DWI provides important information about the movement and functional environment of water in tissue and reflects cellular status of normal and pathological tissue. In conventional MR imaging, diffusion of water molecules in the tissues has an extremely small contribution to the MR signal. In DWI, powerful magnetic gradients with echo planar sequence are used providing images that are dependent on water diffusion. Reduced diffusion of water in prostate cancer has been attributed to increased cellularity of malignant lesions that restricts water motion in a reduced extracellular space. Moreover, DWI also provides an important quantitative biophysical parameter, called the apparent diffusion coefficient of water (ADC). Apparent diffusion coefficient (ADC) value is a quantitative parameter of DWI representing water diffusion in extracellular and extravascular space and capillary perfusion. ADC values have been shown to be decreased in various malignancies of different organs due to hypercellularity. The main advantages of DWI as a functional imaging technique over other modalities are ability to assess molecular diffusion *in vivo* and to provide information about biophysical features of the examined tissue, mainly about cell organization, density and microstructure \[[@b8-poljradiol-79-450]\].

Prostate cancer has a low signal intensity on diffusion-weighted images, which means restricted diffusion. Such a diffusion pattern often correlates with fibrous tissue or reflects the degree of cellularity and macromolecular density. Diffusion imaging allows for differentiation between hemorrhage and tumor located in the peripheral zone \[[@b9-poljradiol-79-450]\].

The aim of this study was to investigate the utility of DWI using ADC values in discriminating between patients with tumors and normal prostate tissue before the initial systematic core biopsy. The relationship between histological grade of prostate cancer and ADC values in the peripheral zone was also investigated.

Material and Methods
====================

Patients
--------

Our material included data of 62 patients aged 54 to 84 years (mean 65±0.89), who underwent MRI of the pelvis between May 2011 and August 2012 at the Centre of Oncology of Maria Sklodowska-Curie Memorial Institute in Cracow, Poland. The mean serum PSA value equaled 14.83 ng/mL (min 2.25 ng/mL; max 56.12 ng/mL) ([Table 1](#t1-poljradiol-79-450){ref-type="table"}).

Imaging technique
-----------------

All MRI examinations were performed with a 1.5-T magnet (Avanto; Siemens, Erlangen, Germany) by using the multichannel body matrix phased-array coil. The examinations were performed in T1-WI, T2-WI, DWI and T1-weighted sequences after dynamic contrast administration. ADCs were calculated from transverse DWI obtained by using a single-shot echo-planar imaging sequence with the following parameters: TR/TE: 3400/75 ms and *b* values of 0, 100, 300, 800 and 1000 sec/mm^2^. Full echo information was obtained with a bandwidth of 1220 Hz/pixel and a matrix size of 256×256. The field of view was 220 mm, with 4-mm section thickness and no intersection gap, covering the entire prostate and seminal vesicles. T1-WI images were assessed to exclude bleeding signs among patients. Prostate cancer was diagnosed in T2-weighted images, dynamic contrast-enhanced MRI and DWI according to standard criteria, and lesion location was determined in accordance with the biopsy result as a golden standard. In MRI, lesions considered as prostate cancer complied with the following criteria: in T2-weighted images, round, oval, or triangular lesions with a low signal intensity in the peripheral zone, in DWI examinations -- areas with a higher signal intensity than that surrounding the peripheral zone and a low-signal-intensity area in ADC examination ([Figures 1](#f1-poljradiol-79-450){ref-type="fig"} and [2](#f2-poljradiol-79-450){ref-type="fig"}).

In all patients, an abnormal focus in DWI/ADC within the peripheral zone was determined. Its borders were outlined by hand. Similarly, an area of healthy, normal tissue of the peripheral zone was outlined in order to compare numerical values. A radiologist with a 10-year experience in prostate imaging with TRUS and MRI techniques and a urologist with a 15-year experience in TRUS and CNB under TRUS guidance established unanimously all regions of interests (ROIs) relevant to the areas.

After CNB a prostate cancer was diagnosed in all patients. ADCs values were compared with the Gleason score after CNB in patients with low, intermediate and high stage tumors. ADC values were also compared between patients who were treated with radiotherapy and surgery, taking into consideration whether ADC values influence treatment management.

Histopathology
--------------

Following radical prostatectomy, haematoxylin-eosin stained specimens were examined microscopically in every case. Those slides were produced by step section of the gland from the apex to the base every 5 mm. An oversized slide containing the entire short axis of the gland was produced from each 5-mm section. Specimens were examined by one of the two experienced pathologists dedicated to this study and blinded to ADC results. The histological assessment of the cancer was based on the Gleason system \[[@b10-poljradiol-79-450]\].

Statistics
----------

Statistical analysis was performed using Statistica version 10 (StatSoft, Poland). In all statistical procedures, the p value of \<0.05 was considered statistically significant. A chi-square test was used to verify an equal number of patients within the groups based on age, Gleason score and PSA. A t-test was used to estimate differences between mean values of ADC and surface area for normal and cancerous tissue and also their relation to treatment option. A one-way ANOVA was used to analyze whether mean ADC values depend on clinical and histological features of the cancer. The results of the correlation between ADC value and surface area were analysed using the Student's t-test. A ROC (Receiver Operating Characteristic) analysis was performed in order to examine whether the ADC value can be used to differentiate between less and more aggressive cancers. Patients were divided into two groups of less and more aggressive tumors according to the Gleason score. A ROC curve was drawn and the size of the area under ROC curve was examined using the Z-test.

Results
=======

Mean ADC values for normal and cancerous tissue and mean values of the surface area are presented in [Table 2](#t2-poljradiol-79-450){ref-type="table"}

Within the examined group of patients ADC was statistically higher for normal tissue than for tumor tissue (p=0.00) ([Figure 3](#f3-poljradiol-79-450){ref-type="fig"}).

Mean values of ADC for patients with low-grade GS were 0.85±0.03, for patients with medium GS 0.72 ± 0.03, and 0.61±0.04 for patients with high GS.

The mean value of ADC depends on prostate cancer stage in accordance with the Gleason score (p=0.00) ([Figure 4](#f4-poljradiol-79-450){ref-type="fig"}).

Twenty-nine patients underwent surgical treatment and the mean value of ADC for those patients was 0.77±0.03, while radiotherapy was administered in 33 patients, with the mean value of ADC equal to 0.76±0.03 ([Figure 5](#f5-poljradiol-79-450){ref-type="fig"}).

There was no significant difference between mean ADC values in both types of treatment, surgery or radiotherapy (p=0.89 and p=0.75, respectively). However, patients with higher ADC and lower stage of cancer are more often treated with surgical procedures. Consequently, patients who undergo radiotherapy have lower ADC values but higher stage in GS.

ROC curve for ADC values
------------------------

We evaluated whether ADC results allow to determine cancer stage. The patients were divided into two groups using two different ways, depending on cancer stage in GS. The first way: patients with low Gleason score (Gleason, ≤6) were compared with patients with more advanced disease (GS=7 together with GS \>7). The second way: patients with less advanced disease (a combined group of patients with low GS ≤6 and medium GS=7) were compared with patients with high GS \>7. The ROC curve of the analysed parameter located closer to the left upper corner indicates higher precision of examination considering the parameter given (100% of specificity and sensitivity), which results in a bigger area under ROC curve (AUC -- area under curve) ([Figure 6](#f6-poljradiol-79-450){ref-type="fig"}).

Discussion
==========

The study included 62 patients with elevated serum PSA level, who underwent MRI examination before TRUS/CNB. Prostate cancer was determined in all patients. Except T1-, T2-weighted sequences, and T1 after contrast medium administration, DWI/ADC was also performed in MRI examination. The area of abnormality visible in the peripheral zone in ADC examination was drawn by hand, as well as normal prostate gland tissue. The examination revealed that mean ADC values are significantly lower in healthy and abnormal tissue (p=0.00). The obtained data are consistent with the literature, since in other publications, higher average ADC was determined in healthy tissue of the peripheral zone (less overlap with cancerous tissue) in comparison to the transition zone and prostate base. Differentiation of prostate cancer from noncancerous tissue is limited by overlap \[[@b11-poljradiol-79-450]\].

Differences in ADC values between patients with low, intermediate and highly malignant disease (p=0.000) are consistent with the literature data, which state that higher Gleason score is associated with low ADC, probably due to specific infiltrative growth of prostate tumors, assumed as dedifferentiated. Such an organization is opposite to the glandular organization of more well-differentiated prostate cancer, which is more similar to healthy prostatic tissue \[[@b12-poljradiol-79-450],[@b13-poljradiol-79-450]\].

The statistical significance of the correlation between ADC value and treatment option was not confirmed in our study. However, we noticed a tendency of qualifying patients with higher ADC value (which means lower stage) to radical prostatectomy and patients with lower ADC values (higher stage) to radiotherapy.

Examinations were performed with a 1.5 T MRI Avanto Siemens. Although the 3.0 T device is known to be more accurate and to have higher resolution, the results of our studies show that examining the patient with the 1.5 T apparatus and performing not only T1 and T2 images but also DWI/ADC allows for differentiating between cancerous and noncancerous tissue, similarly to the 3.0 apparatus. Literature data confirm that using the transrectal coil for examination is more accurate than using the Flex Body coil. However, this examination is much more expensive and due to financial limitations is not widely available. The other reason is patient inconvenience.

There are many publications related to the significance of DWI and ADC in prostate cancer diagnostics. The literature reports on importance of DWI/ADC in prostate cancer diagnostics, especially in case of difficulties encountered with classical imaging aimed at tumor localization in the peripheral zone.

In some publications ADC values are divided into benign and malignant. It is also proved, that DWI and ADC mapping can increase the sensitivity (54--98%) and specificity (58--100%) of MR imaging in detection of prostate cancer when diffusion-weighted imaging is used in conjunction with T2-weighted imaging \[[@b14-poljradiol-79-450]\]. Based on the initial results, it is possible that diffusion-weighted imaging has a potential to increase the specificity of prostate cancer detection and to support prediction of tumor aggressiveness \[[@b15-poljradiol-79-450],[@b16-poljradiol-79-450]\].

Similarly to other publications, we found a correlation between cancer stage in the Gleason score and ADC value in our material. There is a statistically significant negative correlation between the mean ADC value and the Gleason score of tumors. Increased tumor cellularity, structural change of gland stroma (which is found to be more fibrous), and disorganization of texture causing a relatively more restricted motion of water molecules within high Gleason score tumors could explain such a correlation. What is more, there is a significant difference between mean ADC values of low, intermediate, and high clinical risk tumors \[[@b17-poljradiol-79-450],[@b18-poljradiol-79-450]\]. It was confirmed by the results of Tamada et al. 2 who also reported a negative correlation between ADC values and Gleason score. Mazaheri et al. \[[@b19-poljradiol-79-450]\] and deSouza et al. also demonstrated significant differences between the two groups at 1.5 T after comparing ADC values for low- and high-risk prostate cancers. Our material analysis showed that although we examined the patients with 1.5 T MRI we are able to diagnose them with prostate cancer \[[@b21-poljradiol-79-450],[@b22-poljradiol-79-450]\]. If there is no diffusion restriction in the peripheral zone, and serum PSA level is elevated but not increasing, it is possible to choose MRI examination as a follow-up treatment option instead of performing CNB under MRI guidance.

We are aware that our study has several limitations. Among them there was the number of patients, which was not satisfactory, and so was the radiologist experience in MRI assessment. Secondly, the study was retrospective. Another one was the lack of possibility to perform CNB under MRI guidance. Not all patients underwent surgical procedure, which is also considered as a limitation. Due to the last two limitations it is not entirely certain whether the material obtained during TRUS CNB was taken from the area of restricted diffusion in MRI examination.

Conclusions
===========

DWI may be helpful in differentiating high-risk patients from those at low and intermediate risk, since there is a significant correlation between ADC values determined in patients included in three different groups according to their Gleason scores. This information may be useful in the assessment of prostate cancer aggressiveness.

![A 68-year-old man with PSA of 16.3 ng/mL; (**A**) T2-weighted transversal image shows a hypo-intense nodule in the left lateral peripheral zone, indicative of malignancy; (**B**) DWI with b=800; (**C**) ADC map: in the peripheral zone, on the left side, a dark area is visible (value of 0.7 mm^2^/s).](poljradiol-79-450-g001){#f1-poljradiol-79-450}

![A 66-year-old man with PSA of 12.1 ng/mL; (**A**) T2-weighted transversal image shows a hypo-intense nodule in the right lateral peripheral zone, indicative of malignancy; (**B**) DWI with b=800; (**C**) ADC map: in the peripheral zone, on the right side, a dark area is visible (value of 0.82 mm^2^/s).](poljradiol-79-450-g002){#f2-poljradiol-79-450}

![Box plots of ADC values for cancer and normal tissue. Horizontal lines indicate mean ±SE and mean ±1.96^\*^SE (standard error -- SE) which is the border of the 95% confidence interval.](poljradiol-79-450-g003){#f3-poljradiol-79-450}

![Comparison of ADC values for low, intermediate and high Gleason score. Horizontal lines indicate mean ±SE and mean ±1.96^\*^SE which is a border of the 95% confidence interval.](poljradiol-79-450-g004){#f4-poljradiol-79-450}

![Box plots of ADC values for surgery and radiotheraphy. Horizontal lines indicate mean ±SE and mean ±1.96^\*^SE which is a border of the 95% confidence interval.](poljradiol-79-450-g005){#f5-poljradiol-79-450}

![ROC curves of ADC value. The blue line shows the ROC curve calculated to differentiate low, intermediate, and high grade. The green line shows the ROC curve calculated to differentiate low, intermediate -- and high grade. The dashed line shows the control line (A control line represents the ROC curve for random distribution of cases in more and less aggressive tumors).](poljradiol-79-450-g006){#f6-poljradiol-79-450}

###### 

Characteristics of patients who underwent prostate MRI.

  Characteristics                        N=62   p
  -------------------------------------- ------ ------
  Age (years)                                   0.00
   ≤65 yrs.                              35     
   65--70 yrs.                           13     
   71--75 yrs.                           10     
   \>75                                  4      
  Gleason score                                 0.00
   ≤5                                    6      
   6                                     22     
   7                                     26     
   8--10                                 8      
  Tumor stage related to Gleason score          0.00
   Low                                   28     
   Medium                                26     
   High                                  8      
  Initial PSA (ng/mL)                           0.00
   ≤4                                    4      
   4--10                                 25     
   10--20                                20     
   \>20                                  13     

###### 

Mean values of ADC and surface area of imaging for normal and tumor tissue.

  Type of tissue   ADC         Surface area of imaging
  ---------------- ----------- -------------------------
  Normal           1.46±0.02   0.60±0.03
  Tumor            0.76±0.02   0.56±0.03
  p                0.000       0.087
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